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ABSTRACT 
 
The National Transport Commission have shown that implementation of Performance 
Based Standards (PBS) improves companies’ productivities by minimizing the 
transportation costs. This in turn has a positive effect on the South African economy. 
The development of PBS in Australia was identified and developed in South Africa. 
Computational modelling plays an important role in evaluating a truck’s performance 
and dynamics for PBS adherence. This is because computational modelling can be done 
quicker, safer, and cheaper than conducting physical evaluation tests. In order to 
effectively evaluate vehicle performance, it is necessary to use an effective software 
package. The following software packages were analysed in this study: ADAMS/View 
2011, TruckSim 8.0, and Yaw/Roll. Although the National Transport Commission has 
found accurate agreement of results by software comparison, this research looks at the 
ease-of-use (user effort required), cost, output agreement and features (e.g. driver 
models, tyre models, integrators, etc.) of the different software. This will assist other 
vehicle dynamicists wanting to evaluate PBS designs. 
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1 INTRODUCTION 
 
1.1 The Need to Address Road Problems in South Africa 
 
South Africa’s productivity is directly affected by the efficiency of its freight logistics 
system, to transport raw materials and manufactured goods. Many of the manufacturing 
areas in South Africa are situated at great distances from sea ports and airports. A great 
portion of the costs of manufactured goods are tied up in the transport of the goods from 
the point of their manufacture to their final destination [1].  
 
Further, the Department of Transport [2] (in particular the transport minister) has stated 
that the South African economy has been taking strain from the exorbitant costs of road 
accidents. The Automobile Association estimated that more than R100 billion has been 
spent on dealing with collisions and fatalities during the 2010 financial year.  Between 
years 2001 and 2008, the number of trucks involved in accidents has been above 1,200 
(with more than 700 deaths per year) between 2001 and 2006, and over 500 per year 
(with more than 330 deaths per year) in 2007 and 2008.  These figures exclude the 
statistics for articulated trucks [2].  
 
The amount of road wear in South Africa is a further concern, which also involves high 
road maintenance costs. According to the CSIR, 20% of all heavy trucks on the road at 
any one time are overloaded. These trucks are responsible for 60% of road damage [3]. 
 
Performance Based Standards (PBS) is a possible solution to reduce the costs of the 
transportation of goods, to reduce collisions and fatalities, and to reduce road wear.  
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1.2 Performance Based Standards (PBS)  
 
Current standards for vehicles have focused on their ability to adequately haul their 
loads up inclines, to ensure that their braking systems adequately decelerate the vehicle 
when fully loaded, to negotiate curves, and to undertake certain manoeuvres without 
becoming unstable. Loading legislation focuses on axle and axle unit loading, the 
maximum vehicle and combination mass, and the carrying capacity of bridges (using the 
bridge formula). These standards do address a range of safety issues; however, there are 
some aspects of heavy vehicle safety performance which are not controlled adequately 
by these standards.  
 
The PBS approach, on the other hand, addresses factors such as the highly important 
aspect of a vehicle’s stability and dynamic performance. PBS ensures that trucks are 
stable on the road and can be manoeuvred in a safe manner. Introducing PBS vehicles 
does not only improve transport productivity by reducing the costs associated with 
transporting raw materials and minimizing the cost of delivery to the customer, but also 
has road safety benefits as well. PBS is a set of standards which specify the minimum 
requirements of a heavy vehicle before the vehicle can be considered to be safe. A 
vehicle which is designed according to the PBS standards conforms to performance 
measures which directly assess the vehicle’s safety. Introducing these standards enables 
productivity gains, and encourages technological improvements in heavy vehicles. The 
standards focus on what a heavy vehicle is meant to be able to do rather than what the 
vehicle should look like, at the same time meeting safety, road asset protection, and 
environmental requirements  [4, 5]. 
 
Implementation of PBS is, therefore, advantageous to the South African economy, 
safety and road asset protection. It is thus necessary to determine how to evaluate the 
adherence of heavy duty trucks to PBS, in an effective manner.  
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1.3 Effective Evaluation of Vehicle Dynamics 
 
In order to effectively implement and evaluate PBS on heavy vehicles, computational 
modelling is often used since it has a number of advantages over physical testing of 
vehicles. Physical testing is time consuming due to instrumentation, test set-up and 
repetition of unsuccessful tests. It also costs a lot more to conduct a physical test since 
precision instrumentation is expensive. Physical testing is hazardous since there is 
potential for damage to equipment, property, and humans. Computational modelling is 
less time consuming, costs a fraction of a physical test, and has zero risk. Another 
benefit of computational modelling is that a vehicle can be assessed, and design 
improvements may be made, before the vehicle is built. 
 
There have been numerous cases of validation of computational test results with results 
from physical testing which gives computational modelling credibility for evaluating 
PBS. However, there is a research need to determine which software are the most 
effective ones to use for PBS evaluation and what is the agreement in results determined 
by modelling using these software packages. 
 
1.4 Objectives 
 
The objective of this study was to assess ADAMS/View 2011 (ADAMS), Yaw/Roll, 
and TruckSim 8.0 as suitable modelling packages for the effective evaluation of PBS in 
South Africa. The project focused on comparing the ease-of-use, cost, and agreement of 
the software packages. 
 
Although other software packages exist, the three mentioned here have been identified 
by the NTC and have been identified as the most reputable. 
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2 LITERATURE SURVEY 
 
2.1 PBS Development in Australia 
 
In 1999, Australia made the first steps to passing PBS legislation and was funded by 
Austroads and the NRTC (National Road Transport Commission). The first step in the 
PBS project was to determine which performance standards were most appropriate for 
the regulation of heavy vehicles in Australia. This involved documenting the entire field 
of potential performance measures relevant to heavy vehicles, in NTRC reports [6] and 
[7]. Next, several steps were taken to select the initial set of regulatory performance 
measures. This was accomplished by using procedures in [8], the NTRC 2000a 
document. Over 100 potential performance measures were reduced to a set of 25, being 
sufficient to cover safety and infrastructure issues.  
 
The set of potential regulatory performance measures were presented for review and 
comment by the stakeholders. It was decided that some of the standards needed to be 
reviewed, and it was requested that two more performance measures be included.  Many 
of the potential regulatory performance measures were considered to be prescriptive in 
nature rather than being truly performance based. Performance measures that were 
deemed to fall in this category were primarily related to infrastructure issues. They were 
reframed and outcome specific performance measures were formulated. For example, 
three pavement related measures were replaced by a single, reframed, performance 
measure. In this way, the total number of proposed performance standards was reduced 
from a total of 25 to 23  [9]. 
 
The next phase of the PBS project aimed at evaluating and reviewing the proposed 
performance standards by testing them against a set of representative heavy vehicles 
from the Australian heavy vehicle fleet, to measure the safety and infrastructure related 
performance of the selected fleet vehicles against the proposed standards, and to 
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recommend a final set of performance-based standards for heavy vehicle regulation. A 
total of 139 representative heavy vehicles from the Australian fleet were evaluated 
against the performance standards, using computer based modelling. Results from field 
studies on these vehicles were used to verify the modelling results. The agreements 
between the measurements and the computer-based predictions were accurate and 
acceptable. It was found that a large number of existing vehicles already met the 
performance standards proposed for unrestricted access to the Australian road network. 
The study indicated that a range of design features that, with adjustment, would enable 
more vehicles to meet the standards and take advantage of the PBS flexibility. From the 
results of the performance evaluation and feedback received from stakeholders, the 
proposed performance measures were reviewed. After further rigorous analysis, 20 
performance measures were selected and 15 were considered useable and suitable for 
performing heavy vehicle assessments for regulatory purposes, while the other 5 require 
further research. Table 1 summarizes the final proposed set of performance measures 
[10]. 
Table 1: Proposed final set of performance measures [10] 
Performance Measures 
# Safety Related 
 Longitudinal Performance (Low Speed): 
1 Startability 
2 Gradeability 
3b Acceleration Capability 
 Longitudinal Performance (High Speed): 
4a Overtaking Time 
5 Tracking Ability on a Straight Path 
6a Ride Quality (Driver Comfort) 
 Directional Performance (Low Speed): 
7 Low-Speed Offtracking 
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Performance Measures 
8 Frontal Swing 
9 Tail Swing 
10 Steer Tyre Friction Demand  
 Directional Performance (High Speed): 
11 Static Rollover Threshold 
12 Rearward Amplification 
13 High-Speed Transient Offtracking 
14 Yaw Damping Coefficient 
15a Handling Quality (Understeer/Oversteer) 
16a Braking Stability in a Turn 
 Infrastructure Related 
 Pavements: 
17 Gross Mass per Standard Axle Repetition 
18 Horizontal Tyre Forces 
19a Tyre Contact Pressure Distribution 
 Bridges: 
20b Maximum Effect Relative to Reference Vehicles 
a) These are considered essential but require further research and development. [10] 
b) “Acceleration Capability” and “Maximum Effect Relative to Reference Vehicles” are designed to replace, 
respectively, “Intersection Clearance Time” and “Maximum Bridge Stress”. [10] 
 
The reason why driver comfort is essential, as indicated in Table 1, is because the level 
of vibration, that a driver is exposed to during a working shift, leads to reduced comfort 
and decreased proficiency which contributes to fatigue [10].  
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Mainly, minor revisions were made to many of the performance standards (in order to 
clarify and remove any ambiguity rather than change the meaning or intent of the 
performance measure); however, a major revision was made to the performance level 
for the specification for the rearward amplification. This change allowed a significantly 
larger number of vehicles to meet the performance requirement of rearward 
amplification, particularly truck/trailers and road trains. Two of the original 
performance measures, namely, load transfer ratio and high-speed steady-state 
offtracking, were found to be redundant and were removed from further consideration. 
These redundant performance measures were found to be highly correlated with other 
existing performance measures. After a parametric study, parameters that were found to 
be highly related to the performance measures were: engine power/torque, driveline 
gear ratio, centre of gravity height, axle loads, wheelbase dimensions, tyre cornering 
stiffness (which is the slope of the linear portion of the tyre’s lateral force vs. slip angle 
characteristic), and speed.   
 
2.2 Computer-Based Modelling of Vehicle Dynamics 
 
Further work performed by the NTRC in the PBS project included a comparison of 
modelling systems to determine whether there is acceptable agreement between 
simulations from computer-based models of heavy vehicles created by different 
modelling packages. This work was also done to address concerns raised by 
stakeholders about the reliability of the performance predictions from different 
computer-based models used by different service providers, since PBS is intended to 
encourage and foster innovation in road transport, and computer-based modelling will 
play a central role in both the development and initial demonstration of innovative 
vehicles and concepts. Computer based models of two heavy vehicles were created by 
two consultants (Road and Transport Dynamics, and Transport Engineering Research 
New Zealand) using three separate computer-based modelling packages, namely, 
ADAMS, UMTRI’s constant velocity Yaw/Roll program, and AUTOSIM [11]. Each 
consultant was provided with the same input datasets and the same test manoeuvres 
were performed (comprising of a pulse steer, step steer, standard SAE lane change and a 
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90˚ low speed turn) in each model. It was found that simulations involving only vehicle 
responses were very close in agreement. Simulations involving a driver controller (a 
controller that is designed within the software packages to carry out the function of a 
real driver) were found to be in good agreement. Agreement in the outputs from the 
simulations in all manoeuvres was generally better than 7% for the performance 
measures considered. Prem et al believed that acceptable agreement can be expected 
from computer-based modelling and simulations provided the same input datasets are 
used and accurate models are created [11]. 
  
Vehicle performance can be evaluated by either physical testing and/or computer-based 
modelling. Field testing of vehicles, although necessary for validation is neither 
desirable, convenient, nor affordable. In addition, testing vehicles that have low stability 
thresholds for rollover or rearward amplification in near limit manoeuvres is a high risk 
activity which requires careful planning and additions to the vehicle such as outriggers. 
In the case where a broad range of performance characteristics are required, many field 
tests would be required to be performed that would require sophisticated instruments to 
record numerous variables. Computer-based modelling of vehicles is an attractive 
alternative to physical testing because it does not require a vehicle to be manufactured 
and then physically tested. A number of proposed vehicle designs can be studied in a 
wide range of situations and manoeuvres, and any number of variables in the model can 
be viewed and studied. There is no safety and property risk involved with computer-
based modelling compared to physical testing of vehicles. Computer models can be 
used to identify problems or performance deficiencies and correct them during the 
design phase. Computer-based modelling, when compared to physical testing, is a very 
useful tool and provides a comprehensive, cost effective, safe and efficient way for 
studying heavy vehicle performance under a wide range of conditions [11]. 
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2.3 PBS in South Africa 
 
As a result of the potential benefits of PBS (such as safety, efficiency, and road 
protection) that have been identified in Australia, New Zealand and Canada, the 
introduction of a pilot project of PBS in South Africa was proposed by the CSIR as a 
research project [12]. It was found that experience in PBS vehicles, especially regarding 
design, manufacturing, and operation, was needed in South Africa. Due to this, 
demonstration PBS vehicles were commissioned by Mondi and Sappi, in the forestry 
industry.  The standards used to design the two PBS demonstration vehicles included: 
startability, gradeability, acceleration capability, frontal swing, tail swing, slow speed 
swept path, tracking ability on a straight path, static rollover threshold, rearward 
amplification, yaw damping, and high-speed transient offtracking.   
 
After commissioning, the two PBS demonstration vehicles were monitored. This 
involved recording data such as payload per trip, average trip speeds, kilometres 
travelled per month, average monthly fuel consumption, maintenance costs and records 
of incidents and accidents. The observed improvements were noted from the results of 
monitoring of the two PBS vehicles compared to the baseline vehicle. These 
improvements are summarized in Table 2. 
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Table 2 Improvements of the PBS demonstration vehicles [12] 
Performance indicator Measured result 
Payload Average improvement: 19.3% 
Payload Efficiency Factor 
(Payload/Gross Combination Mass 
x 100) 
Increase from 69.3% to 70.5% 
Tons transported per month Average increase: 19.3% 
Fuel consumption Average savings: 12.7% 
Fuel savings (based on 700 000 
tons/annum contract) 
485 000 litres per annum 
Fleet size Reduction of 17% 
Incident/accidents* Reduction from 3.1 to 1.1 per month 
CO2 emissions (based on 700 000 
tons/annum contract) 
Reduction of 1 280 tons of CO2 per 
annum 
Road wear Reduction varies from 2 to 23% 
* Based on a fleet of 45 new vehicle combinations incorporating a number 
of PBS design features [12] 
 
Due to these improvements, the KwaZulu-Natal department of transport has approved 
30 additional permits for PBS demonstration vehicles in the forestry industry. By 
December 2009, 15 of these vehicles had already been commissioned [12]. 
 
Further PBS expertise was developed in South Africa when a contract was concluded 
between the University of the Witwatersrand and Hall Longmore in 2009 to design a 
PBS vehicle to transport pipes. So far, the University of the Witwatersrand has 
completed the initial conceptual development, vehicle configuration selection, and 
simulations to determine conformance to the Australian PBS measures. The design 
approach has been based on the performance measures that were developed in Australia. 
The design also conforms to South African axle load and bridge formula legislation.  
According to Dessein et al. [5], eight performance measures were considered necessary 
and sufficient for a safe vehicle in the context of the project. These eight measures were: 
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yaw damping coefficient, static rollover threshold, rearward amplification, high-speed 
transient offtracking, tracking ability on a straight path, low-speed swept path, tail 
swing, and frontal swing. Using an optimisation model, an A-Double design was shown 
to have met all of the PBS requirements with a 50% increase in payload compared to the 
baseline vehicle. The optimisation model was verified using a detailed model that was 
developed in TruckSim 8.0. In comparison to the optimised model, the simulation 
results from the software-based analysis proved to be accurate.    
 
Although the proposed PBS standards have been defined for the Australian context, and 
may vary from country to country, most of them are applicable for evaluating PBS in 
South Africa. The long term goal of PBS in South Africa is to review the applicability 
of some of the PBS standards for South Africa. It may be required that new measures or 
requirements be introduced for the South African context.   
 
2.4 Literature Review Summary and Focus of this Research 
 
Since the time that the National Road Transport Commission and Austroads, in 
Australia, had initiated PBS legislation in 1999, over 100 potential performance 
measures were reduced to a set less than 25 measures, by NTRC review procedures, 
being sufficient to cover safety and infrastructure issues [8]. These proposed 
performance measures were evaluated and reviewed by testing them against a set of 
representative Australian heavy vehicle fleet.  
 
Further work that has been carried out on PBS includes the determination of acceptable 
agreement between simulations from computer-based models of heavy vehicles created 
by different modelling packages [11]. This was to address concerns raised by 
stakeholders about the reliability of performance predictions from different modelling 
packages. The simulations performed by different consultants using different modelling 
packages were in very close agreement (generally better than 7%), according to Prem et 
al. [11].      
  
12 
 
As a result of the initiatives made in Australia, there was a need to gain experience in 
PBS vehicle design, manufacturing, and operation for the South African context. Thus, 
two demonstration PBS vehicles were commissioned by Mondi and Sappi. After 
commissioning, the vehicles were monitored by analysing data such as average monthly 
fuel consumption, maintenance costs and records of road accidents. Many 
improvements of the vehicles were noted which resulted in further permit approvals for 
PBS demonstration vehicles. More experience in PBS was gained in South Africa when 
the University of the Witwatersrand had designed a PBS vehicle, for Hall Longmore, to 
transport large pipes. Eight key PBS measures were sufficient for the design of the PBS 
vehicle.  
 
The objective of the current research is focused on the effective evaluation of PBS in 
heavy duty trucks, in the South African context. The benefits of computer-based 
modelling for PBS evaluation have already been discussed.  Although the NTC has 
already looked at the accuracy of computational modelling, this research is an extension 
of the NTC software comparison study. It looks at the various features of each software 
(e.g. the different mathematical solvers; the different means of creating driver 
controllers, speed controllers, and tyre models); the flexibility of each software; the 
ease-of-use (user effort required); and the cost of each software (which includes both 
initial and support costs).    
 
Although discussing the ease-of-use may be subjective, there is useful insight gained 
from the author’s experience while conducting the software comparison. Ease-of-use of 
each software has been broken down to cover: the time and effort required to create 
models in each software, how long it takes for the solver in each software to complete a 
simulation, animation capability, and the systems of units that are available in each 
package.  
 
There are other software packages available to evaluate vehicle dynamics, such as 
Recurdyn and DADS, however, the reasons for evaluating the mentioned software are 
as follows: The software have been evaluated by the NTC, and have already been 
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identified as a reputable software. ADAMS is also the most widely used software for 
multi-body dynamics and motion analysis in the world [13]. Although the NTC has 
evaluated AutoSim, this software is no longer available on the market. However, 
TruckSim has been developed from AutoSim. This is why TrukSim was chosen to be 
analysed. Although ADAMS/View was chosen for the analysis, ADAMS/Car is another 
package that could be used, since it has drivers, event builders, road builders, test rigs, 
and comes standard with truck-trailer assemblies.     
 
This research has been presented at an international, peer-reviewed, conference, at the 
12th Heavy Vehicle Transport Technology Symposium (HVTT12) in Stockholm, 
Sweden [14].    
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3 METHODOLGY 
 
In order to evaluate the effectiveness of truck safety for PBS, three different types of 
software were utilised and compared. The reference B-double simulated by Prem et al. 
[11] was modelled to perform four standard manoeuvres: an SAE lane change, a 90° 
low speed turn, a pulse steer input, and a step steer input. These four standard 
manoeuvres were selected by Prem et al. [11] because they were designed to test for 
specific performance attributes and, thereby, revealing different aspects of the vehicle 
models and controllers (both open-loop control and closed-loop control). The three 
software packages ADAMS/View, Yaw/Roll and TruckSim 8.0 (as discussed in Section 
2) were used. 
 
The ease-of-use of the software packages was evaluated by an engineering graduate 
with no prior experience of working with the software packages, in order to remove bias 
from the comparison. Software quotations were obtained from the local software agents 
in South Africa in order to compare software costs. The output agreement of the 
software packages was determined by plotting and comparing the results as calculated 
by each software package. The following two sections give brief descriptions of the 
standard modelled manoeuvres [11] and the software packages.  
 
3.1 Modelled Manoeuvres 
 
SAE Lane Change 
The SAE lane change is used to evaluate rearward amplification and high-speed 
transient offtracking. The manoeuvre was conducted at a speed of 88 km/h [11]. The 
lateral displacement was 1.46 m over a longitudinal distance of 61 m. A closed-loop 
control was used for this simulation. 
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90° Low Speed Turn 
The 90° low speed turn is used to evaluate low-speed swept path, tail swing, and frontal 
swing. The centre of the steer axle is required to follow a path comprising of a straight 
entry segment, 11.25 m radius, 90° arc and a straight exit segment. The manoeuvre was 
conducted at a speed of 10 km/h. 
 
Pulse Steer Input 
The pulse steer input is used to evaluate yaw-damping. The steer angle was increased 
from 0° to 10° and then back to 0° over a 0.5 s period. The manoeuvre was conducted at 
a speed of 100 km/h. 
 
Step Steer Input 
The step steer input is not required for PBS assessment [15] but has been used in 
previous validation studies by Prem et al. [11] and Sayers and Riley [16]. The steer 
angle was increased from 0° to 1° over a 0.25 s period and then held steady. The 
manoeuvre was conducted at a speed of 100 km/h. 
 
3.2 Software Packages 
 
The following sections give a background to each of the software packages that were 
analysed in this research.   
 
3.2.1 ADAMS/View 
 
ADAMS is the most widely used multibody dynamics and motion analysis software in 
the world [13]. The ADAMS user is required to either build a geometric model or else 
import CAD geometries of the system. The bodies can be rigid or flexible and the 
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interconnections between bodies relating the motion of body A to body B must be 
defined. From these geometrical inputs, ADAMS generates the mathematical equations 
that describe the kinematic and kinetic motion of the system. The ADAMS solver 
integrates the differential equations providing a solution that can be viewed in the post-
processor: a number of integrator algorithms are offered. ADAMS is used extensively in 
the automotive industry and any mechanical system can be modelled and analysed. 
 
3.2.2 Yaw/Roll 
 
Yaw/Roll was developed at the University of Michigan Transport Research Institute 
(UMTRI) to predict the directional and roll response of generalized articulated vehicles. 
It is the predecessor of TruckSim. The program can be used for stability, rollover as 
well as low-speed turn simulations. The turning behaviour of the vehicle can be 
controlled either by defined steering inputs or by a driver model following a prescribed 
trajectory. The equations defining the vehicle response are hardcoded, limiting any 
extension of the model to account for specific requirements e.g. a steering trailer axle. 
The differential equations are solved using a predictor-corrector integration method 
[17].  
 
3.2.3 TruckSim 
 
TruckSim is a dedicated software tool for simulating and analysing the dynamic 
behaviour of medium to heavy trucks, buses and articulated vehicles [18]. The truck 
data and control inputs defining the manoeuvre concerned are entered using data screens 
with a graphical user interface (GUI). An extensive variety of axle, suspension, tyre, 
brake, steering, payload and trailer configurations can be selected. TruckSim can be 
linked with Matlab Simulink if the required truck component, feature or input cannot be 
modelled using the data screens offered. 
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4 MODEL DEVELOPMENT 
 
Although the B-double vehicle model was already developed in [11], there was no 
information about the effort and the methods that were used to model the vehicle and 
road paths in the different software packages, with mechanical properties, geometry, 
controllers, etc. This section describes how the B-double truck was developed and 
modelled in each software package. It includes how the: 
• Tyre models, 
• Suspensions systems, 
• Roll centres, 
• Fifth wheels, 
• Prime mover, 
• Trailers, 
• Steer controllers, 
• Speed controllers, and 
• Manoeuvre paths/inputs,  
were developed in each software package.  
 
4.1 Tyre Models 
 
The tyre properties describing how lateral force and self-aligning moment varies with 
slip angle, for different vertical loads, have been provided [11]. Appendix A [11] 
tabulates the tyre properties used on the NTC B-double truck.  
 
In ADAMS/View, input files containing all tyre data needed to be created. In TruckSim 
and Yaw/Roll, the tyre properties were completely specified within the Graphical User 
Interface (GUI). 
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4.1.1 Creating a Tyre Model in ADAMS/View 
 
The Pacejka ’89 Magic Formula [19] was used to develop the tyre model in 
ADAMS/View, since it is most applicable to the given tyre data in Prem et al. [11]. The 
Magic Formula is defined in Equation (1) [19].  
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In Equation (1),  )(XY is the lateral tyre force,  yF ;  X  is the tyre lateral slip angle, α ; 
B  is the stiffness factor, C   is the shape factor; D  is the peak factor ; E  is the curvature 
factor; hS   is the horizontal shift; and vS  is the vertical shift. Each of these terms are 
dependent on the tyre vertical load and camber angle. Coefficients B, C, D and E are 
each dependent on coefficients 0a  to 13a .  
 
Equation (1) is also used for fitting the longitudinal force vs. longitudinal slip curves as 
well as the self-aligning moment vs. slip angle curves of the tyre i.e. )(XY  can 
represent the longitudinal force, xF , for the case of the longitudinal force curves (along 
with the longitudinal coefficients 0b  to 10b ; or )(XY  can be the self-aligning moment, 
zM , for the case of the self-aligning moment curves (along with aligning coefficients 
0c  to 17c ). The method for determining the coefficients for each case is defined by 
Bakker et al. [19]. 
 
In this study, a regression analysis was performed to determine the various coefficients 
for the tyres’ lateral characteristics and self-aligning characteristics, since longitudinal 
tyre properties were not necessary for the manoeuvres that were simulated. After 
performing a regression analysis, the coefficients for the lateral force and self-aligning 
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moment magic formulae were determined, while using the fact that the camber angle 
was zero for the B-double vehicle. The curve fits were in close agreement with the tyre 
properties given (as shown in Appendix A.1). The coefficients were entered into the 
ADAMS/View 2011 Pacejka ’89 tyre file (as shown in Appendix A.2). Figure 1 and 
Figure 2 show the curve fits for the lateral tyre characteristics and the self-aligning tyre 
characteristics, respectively. 
 
 
Figure 1: Lateral force vs. slip angle Pacejka ’89 curve fit 
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Figure 2: Self-aligning moment vs. slip angle Pacejka ’89 curve fit 
 
4.1.2 Creating a Tyre Model in TruckSim 
 
It was not necessary to perform a Magic Formula curve fit, or to create a tyre input file, 
to define a tyre in TruckSim. All the tyre characteristics and properties were directly 
inserted onto the TruckSim GUI. This is shown in Figure 3. The bottom half of Figure 
3, which corresponds to Figure 1, shows the curves of Lateral Tyre Force vs. Slip 
Angle, which are created by directly entering the tyre characteristics, as they are in 
Appendix A, onto the GUI. 
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Figure 3: TruckSim GUI for defining tyre forces vs. slip  
 
4.1.3 Creating a Tyre Model in Yaw/Roll 
 
In Yaw/Roll, tyre cornering properties and self-aligning table properties are entered into 
the data input file, which must be in the required format. The format is discussed in 
detail by Gillespie et al. [17]. At each line, a particular dataset needs to be defined (e.g. 
in line 151, the number of tyre cornering forces needs to be entered).  
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Linear or non-linear tyre models can be defined. Linear tyre models can be defined by a 
single tyre stiffness value that is entered (as pounds/degree) for each tyre on the 
different axles. Non-linear tyres can be represented by a tabular input in the input file. 
The same needs to be done when defining tyre aligning moments. Multiple tyre 
cornering force tables can be defined for different tyres on different axles. The same 
applies for tyre aligning moment tables. 
 
4.2 Creating the Sprung and Unsprung Masses 
 
This section describes how the dimensions, mass properties and mechanisms were 
created for various parts of the B-double vehicle, such as axles, sprung masses, 
suspension springs, roll centres, and fifth wheels. All the dimensions, masses, inertias 
and other vehicle properties of the B-double vehicle were obtained from Prem et al. [11] 
and are presented in Appendix B. These data were used for developing the vehicles in 
the software.  
 
4.2.1 ADAMS/View 2011 
 
The first step in creating the ADAMS model was to select the preference of units and to 
define in which direction gravity is acting. The axles were the first parts created, after 
the tyre models were prepared, in the ADAMS model. Each axle was created using a 
cylindrical shape, using the ADAMS standard geometries from the toolbar. The axles 
were correctly sized and spaced, for each unit, and were given masses and moments of 
inertia at the correct locations. 
 
The tyre parts were attached to the axles by using revolute joints. Dual tyres were 
coupled together. Once the tyres were attached to the axles, the tyre property files, 
which contained the detailed information about the tyres such as dimensions and other 
properties discussed in Section 3.1.1, were imported and loaded for each tyre. In 
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addition, the road was created by importing the appropriate road file. In this case, a 2-D 
flat road was imported (from the standard ADAMS road files) and was specified for 
each tyre. The road was fixed to ground and thus would not fall by gravitational force. 
The tyres were attached to the steer axle in a similar way to the other axles, except that 
there was an extra revolute joint to allow for the steer action.  The steer tyres were 
connected to the steer axle by two revolute joints (since the steering mechanism was a 
basic parallelogram [11]). One revolute joint allowed the rotation of the tyre about the 
axis of the tyre. The other revolute joint allowed the steering angle rotation of the tyre. 
These two revolute joints were connected in series. Figure 4 shows how the steer joint 
mechanism was created in ADAMS. The steer tyres were connected to the wheel 
revolute joint, described in Figure 4.  
 
 
Figure 4: Schematic diagram of steer mechanism created in 
ADAMS 
 
Once the axles and wheels were created, sprung masses were created by creating block-
shaped parts for the tractor sprung mass and each trailer. They were dimensioned 
correctly, and were given masses and moments of inertia, which were specified at the 
location of the centre of gravity of each sprung mass. To connect each sprung mass to 
the suspension system, combined springs and dampers were used. They were correctly 
located and spaced and splines were specified to define each spring’s force-
displacement curves. The damping coefficients of the dampers were also defined at each 
axle.  
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In order to cater for rotation about the roll centre of the vehicle and to cater for vertical 
translation of the sprung masses, a mechanism was created that is similar to what is 
shown in Figure 5. Figure 5 shows how a revolute joint (which allows rotation parallel 
to the longitudinal axis of the vehicle) is connected in series to a vertical translation 
joint to simulate the vehicle’s roll centres. At each revolute joint, a torsional spring was 
created to allow the effect of axle roll stiffness (with the correct magnitude of stiffness 
defined on the torsional spring). This mechanism was created at each axle of the 
vehicle.     
 
 
Figure 5: Schematic diagram showing the roll centre mechanism 
 
Each unit of the vehicle, i.e. the prime mover, trailer one and trailer two, were 
connected to each other at the hitch point (i.e. the fifth wheels). This was done by 
connecting the units with a ball joint. Torsion springs were created at the hitch points to 
create roll stiffness between the units. Figure 6 shows the B-double model that was 
created in ADAMS, with a rendered view. 
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Figure 6: The ADAMS/View B-double model 
 
4.2.2 TruckSim [20] 
 
When starting TruckSim, a new database is selected to create a new model on the 
TruckSim Run Control screen. Under the “Test Specifications” heading, there are two 
areas which link to datasets that define the properties of the vehicle and procedure in the 
simulated test. TruckSim has a drop-down menu with various vehicle configuration 
options on the Run Control (home) screen, which is the first screen to appear when 
TruckSim is started up. The first step in creating the vehicle was to select a three axle 
tractor with two of three axle B-trailers, since a B-double was used for the study. Figure 
7 shows a portion of the Run Control screen.  
 
 
Figure 7: TruckSim Run Control screen (“home” screen) 
 
The TruckSim standard package offers thirteen configurations, as shown in Table 3. 
However, more configurations can be purchased for additional flexibility.   
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Table 3 Standard TruckSim Configurations 
TruckSim designation SAE designation Common name 
  s_s   11 2-axle truck 
  s_ss   12 3-axle truck 
  ss_s   21 3-axle truck 
  ss_ss   22 4-axle truck 
  s_s + s   11s1 2-axle tractor & 1-axle semi-trailer 
  s_s + ss   11s2 2-axle tractor & 2-axle semi-trailer 
  s_s + sss   11s3 2-axle tractor & 3-axle semi-trailer 
  s_ss + s   12s1 3-axle tractor & 1-axle semi-trailer 
  s_ss + ss   12s2 3-axle tractor & 2-axle semi-trailer 
  s_ss + sss   12s3 3-axle tractor & 3-axle semi-trailer 
  s_ss + ss + ss   12s2s2 7-axle B-double 
  s_ss + sss + sss   12s3s3 9-axle B-double (used in this study) 
  s_s + s + ds + s   11s1-1s1 5-axle A-double 
 
Once the vehicle configuration was selected, the details of the vehicle were defined by 
clicking on the first blue tab under the Test Specifications heading (as shown in Figure 
6). Within this area, the lead unit and the trailers were specified in detail. 
 
Under the lead unit area, there are various sub-sections which are used to define the lead 
unit, namely: 
• The lead unit sprung mass. This is where the dimensions, mass, and inertia 
properties of the lead unit sprung mass are defined. The position of the centre of 
gravity is defined here.  
• Tyres. This is where the tyres can be specified for each axle, as discussed in 
Section 3.1.2 and shown in Figure 3. All properties of the tyres can be defined 
on the GUI, such as: effective rolling radius, unloaded radius, spring rate, spin 
moments of inertia, rolling resistance moment parameters, tyre models, lateral 
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force variation with slip angles, longitudinal force variation with slip angles, 
aligning torque variation with slip angles, and others.  
• Steering wheel torque. The steering ratio can be specified here, i.e. total steering 
wheel torque / total kingpin moment.  
• Engine power and torque fraction of power per axle. This includes specifying 
speed control.  
• Hitch (i.e. fifth wheel) location and stiffness.  
• Axle spacing. This is the distance between each axle.  
• Suspension kinematics. This is where the wheel centre height, location of the 
centre of gravity of the axles, axle masses and moments of inertia, jounce, roll-
steer, roll centre location, toe and camber are defined.  
• Axle compliances. This is where the force-displacement splines for each spring; 
shock absorbers (dampers); rebound stops; axle roll stiffness; and the lateral 
displacement between the springs and dampers, are defined.  
• Aerodynamics. Aerodynamics effects (drag and lift) are defined here.  
• Brakes. ABS control and other brake system parameters can be defined.  
• Steering. Steering kinematics can be defined under this section within the 
TruckSim GUI.  
The main lead unit specification screen is shown in Figure 8. It shows different blue 
buttons where are the main sub-sections can be edited when defining a unit of the 
vehicle.  
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Figure 8: Lead unit specification screen in TruckSim 
 
The same subsections, except for the steering wheel and engine specifications, exist to 
define the other units of the vehicle (i.e. for trailer one and trailer two). 
 
4.2.3 Yaw/Roll [17] 
 
The Yaw/Roll program uses a list of input parameters. The program starts by reading 
the input parameter list which contains the vehicle configuration, initial conditions, and 
steer inputs. The input data are “echoed” on the first page of output. The program runs 
by solving the differential equations of motion for the vehicle until the vehicle reaches a 
default stop or until the required maximum simulation time has been reached.  At 
various points during the run, simulation output is printed which contains data about the 
time-based dynamics and forces of the vehicle. This simulation run is completed within 
approximately one or two seconds. 
 
The input data are identified only by position in the input list and, therefore, the vehicle 
data must be ordered exactly. The Yaw/Roll user-manual [17] defines the format of the 
input data, line by line. 
  
29 
 
The input data list will contain the following elements: 
• Title line (up to 80 characters) 
• Simulation operation parameters 
• Sprung mass parameters for each vehicle 
• Axle loading parameters 
• Unsprung mass parameters for each axle 
• Suspension parameters for each axle 
• Hitch parameters 
• Suspension spring tables (optional) 
• Tyre cornering force tables 
• Tyre aligning torque tables 
• Steering system parameters 
• Steering control parameters (driver model or time/steer angle control).  
 
Appendix C shows the input data .DAT file that was created to model the NTC B-
double vehicle in for the SAE lane change simulation in the Yaw/Roll program. The 
data were inserted sequentially according to the format specified in the Yaw/Roll user 
manual. The vehicle parameter data were taken from Prem et al. [11] and are 
reproduced in Appendix B. All the parameters were converted from SI units to English 
units before being inserted in the input file, shown in Appendix C. Appendix C also 
contains the .OUT file that contains the “echoed” input data as well as the tabulated 
output results.    
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4.3 Vehicle Controllers 
 
Once all the parameters, parts, and dynamic mechanisms of the vehicle were created, 
controllers were created to move the vehicle. A velocity controller was required to 
ensure that the vehicle was moving at the correct speed. Steer controllers were needed 
for the vehicle to execute the open loop control manoeuvres and the closed loop control 
manoeuvres. 
 
4.3.1 ADAMS/View Vehicle Controllers 
 
Velocity controller 
 
In order to accelerate the B-double from static equilibrium to a desired speed, a velocity 
controller was created. The controller was based on a force function that was applied to 
the centre of the drive axles on the tractor. The magnitude of the driving force was a 
function of the desired velocity of the vehicle and the actual measured velocity of the 
vehicle. The controller was a proportional-integral one, and the function, which defined 
the magnitude of the driving force, is described in Equation 2.  
 ( ) ( )dtVVKVVKF t adIadPd ∫ −⋅+−⋅= 0  (2) 
  
In Equation (2), dF   is the driving force, IK   is the integral gain, PK   is the 
proportional gain, aV   is the actual/measured speed of the vehicle, and dV  is the 
desired/set speed that the vehicle is to attain and, thereafter, maintain. Figure 9 shows a 
schematic diagram of the velocity controller that was developed in ADAMS/View.  
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Figure 9: Schematic of velocity controller developed in 
ADAMS/View 
 
To create the velocity controller, a marker was defined on the vehicle. A measure was 
created at this marker to measure the actual vehicle speed. A variable was created and 
defined to be equal to the desired velocity of the vehicle. A force was created at the 
centre of the two drive axles, in the forward longitudinal direction of the vehicle that 
was as given by Equation 1. The difference between dV  and aV  is the error which 
causes the actuation (or driving force) i.e. the driving force is applied proportionally to 
the magnitude of the error between the desired velocity and the actual/measured 
velocity, ( )ad VV − . The magnitudes for the gains,  PK and IK , were found by trial-and-
error until the best velocity control was observed. Although it is possible to implement 
proportional control to control the vehicle speed, proportional-integral control was used 
to gradually increase the vehicle speed to the desired speed in a more critically damped 
manner in a shorter time.   
 
The method followed in ADAMS/View when building the velocity controller was as 
follows: 
• A design variable was created and was called “desired_velocity”, stored with the 
desired value for the speed.  
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• A state variable was created and was called “actual_velocity”. This variable 
stored the measured velocity of the tractor at the marker created on the tractor.  
• An explicit differential equation, named “velocity_error”, was created to store 
the difference between the desired velocity and the actual velocity.  
• A design variable was created, called “Proportional_gain”. Various values were 
defined for this until the velocity controller was optimised (as visualised in the 
post-processor).  
•  A design variable, called “Integral_gain” was created and was defined with 
various values until the controller was optimised.  
• A drive-force function was created at the drive axles as shown in Equation (3): 
 
    
( )
( )errorvelocityDIF
gainIntegralerrorvelocity1DIFgainoportionalPrFunction
_
___ ⋅+⋅=
  (3) 
 
In Equation (3), DIF1 (a function used in ADAMS for manipulating differential 
equations) returns the function belonging to the referenced differential equation. In this 
case, it returns the error/difference of the actual and desired velocities. DIF integrates 
the function belonging to the referenced differential equation. In this case, it integrates 
the velocity error.  
 
Open loop steer controllers 
 
Two of the simulations were open loop control manoeuvres and the other two 
simulations were closed loop control manoeuvres. The two open loop control 
manoeuvres were the pulse steer and the step steer. In open loop control, no feedback is 
required, so the required motion was directly imposed on the steer revolute joints of 
each steer tyre with no feedback measures in the control algorithm. For the step steer 
manoeuvre, Equation (4) describes the motion imposed on the steer revolute joints.  
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In Equation (4), t is time (s), t0 is the commencement time of the steer application (s), t1 
is the termination time of steer application (s), δ is the steer angle (deg), δ0 is the initial 
value of the steer angle (deg) and δ1 is the final value of the steer angle (deg). The 
function shown in Equation (4) is known as the Haversine function. The Haversine 
function is one of the common functions within the list of mathematical functions 
available within ADAMS/View function builder. It has the format: “HAVSIN (x, x0, 
h0, x1, h1)”. The variable “x” is replaced by time, with “x0” being the numerical value 
of t0; “x1” being the numerical value of t1; “h0” being the initial value of the steer angle, 
δ0, and “h1” being the final value of the steer angle, δ1. For the simulation, the steer 
angle was increased from 0˚to 1˚ in a time duration of 0.25 s. The Haversine function 
(“HAVSIN (x, x0, h0, x1, h1)”) was used at each steer revolute joint, but with different 
signs for the left and right steer wheels. The step steer manoeuvre was simulated at a 
vehicle speed of 100 km/h. Figure 10 shows the shape of the step steer input that was 
imposed on the steer revolute joints.  
 
 
Figure 10: Step steer input based on the Haversine function [11] 
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For the pulse steer manoeuvre, two Haversine functions, of the format “HAVSIN (x, x0, 
h0, x1, h1)”, were added together, in order to produce the pulse shape. The steer angle 
was increased from 0˚ to 10˚ and then from 10˚ to 0˚ over a 0.5 s time duration. The 
pulse steer manoeuvre was simulated at a speed of 100 km/h. The shape of the pulse 
steer motion that was implemented on the steer revolute joints is shown in Figure 11 
[11].  
 
 
Figure 11: Pulse steer input based on the Haversine function [11] 
 
Closed loop controllers 
 
The two closed loop control manoeuvres that were simulated were the SAE lane change 
and the 90˚ low speed turn. For the SAE lane change [21], the vehicle must follow the 
path described in Figure 12. 
  
  
 
Figure 12: SAE J2176 
 
The vehicle is driven at a speed of 88 km/h (by the velocity controller) on a straight 
segment that is approximately 100 m in length. The vehicle is required to execute a lane 
change manoeuvre from a precisely prescribed path over a distance of 61 m. The lateral 
displacement for the lane change manoeuvre is 1.46 m. The controller used to execute 
this manoeuvre was a lateral position comparator
the vehicle was measured and compared to the desired prescribed SAE lane change path 
that is described in Figure 12, at regular longitudinal positions. This was accomplished 
by creating a spline of the desired SAE lane change path co
into ADAMS/View. A measure was created on the preview marker to measure the 
vehicles x and y co-ordinates. The actual and desired lateral co
were subtracted from each other. The resulting difference is the error which was used to 
change the steer angle at the steer revolute joints. Equation (5) describes the control 
algorithm for the SAE lane change manoeuvre. 
 
 
 In Equation (5), δ   is the controlled steer angle; 
gain; ay   is the measured (actual) lateral co
preview marker); and dy   is the desired lateral co
35 
single lane change manoeuvre [21] 
 i.e. the lateral position of the tractor of 
-ordinates and importing it 
-ordinates of the vehicle 
 
( )daLC yyK −⋅=δ  
LCK   is the lane change proportional 
-ordinate of the tractor (measured at the 
-ordinate of the tractor from the spline 
 
(5) 
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that was created for the SAE lane change. The lateral co-ordinates are compared at the 
same longitudinal positions. 
  
For the 90˚ low speed turn, the centre of the steer axle must follow a path that is made 
of a straight segment that leads into a circular 90˚ arc with an 11.25 m radius (which is 
tangent to the straight segment). The curve then leads onto a straight exit segment. The 
vehicle was maintained at a speed of 10 km/h. A similar controller to the SAE lane 
change was developed but was different in that the yaw angle of the vehicle was also 
controlled. The control algorithm for the 90˚ low speed turn is given by Equation (6).  
 
 ( ) ( )dayawdaLS KyyK ϕϕδ −⋅+−⋅=  (6) 
  
In Equation (6), all symbols have the same definition as mentioned in Equation (5), 
except that  LSK  is the proportional gain for the lateral co-ordinate error; yawK  is the 
proportional gain for the yaw angle comparison; aϕ   is the actual (measured) yaw angle 
of the tractor; and dϕ  is the desired yaw angle which was determined from the slope 
(tangent) of the desired path spline.  
 
4.3.2 TruckSim Vehicle Controllers 
 
Velocity controller 
 
It was not necessary to create a velocity controller in TruckSim from scratch. The 
velocity required was simply specified within the “Procedure” area (found on the 
TruckSim “Run Control” screen). Within this area, the vehicle velocity can be defined 
under “Driver Controls”, as shown in Figure 13.  
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Figure 13: Velocity control in TruckSim 
 
Open loop steer controllers 
 
The two open loop manoeuvres have already been discussed in Section 3.3.1. To 
simulate a step steer input in TruckSim, an open-loop control steering procedure was 
selected under the “Driver Controls” section. A step-steer was selected by defining a 
spline for the steer angle. This was done directly within TruckSim. This is shown in 
Figure 14.  
 
 
Figure 14: Creating a step-steer input in TruckSim 
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In Figure 14, it can be seen that the steering wheel angle was increased from 0˚ to 25˚in 
a time period of 0.25 s. Since the steering ratio was specified at 25:1, the steer angle on 
the wheels was actually increased from 0˚ to 1˚ in 0.25 s.  
The pulse steer manoeuvre was defined in a similar way to the step steer manoeuvre. 
The spline created for this is shown in Figure 15.  
 
 
Figure 15: Creating a pulse-steer input in TruckSim 
 
Again, since the steer ratio is 25:1, the actual steer wheel angle is changed from 0˚ to 
10˚to 0˚ in 0.5 s, although the input steering wheel angle changes from 0˚ to 250˚to 0˚in 
0.5 s.  
 
Closed-loop steer controllers 
 
For the closed-loop controllers, the user defines the driver path follower (as opposed to 
defining the steer motion described for the open-loop control). Splines were imported to 
define the paths. In addition, the preview distance for the controller was defined directly 
on the user interface. Figure 16 shows the driver path follower that was created in 
TruckSim for the 90˚ low speed turn.  
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Figure 16: TruckSim driver path follower for the 90˚ low speed 
turn 
 
Similarly, the driver path follower for the SAE lane change was created as shown in 
Figure 17.  
 
 
Figure 17: TruckSim driver path follower SAE single lane change 
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4.3.3 Yaw/Roll Vehicle Controllers  
 
Yaw/Roll is only capable of constant velocity manoeuvres. It was not necessary to 
develop any velocity controller. The forward velocity required (in feet/second) is 
specified exactly in the third line of code in the input code.   
 
The steering of the vehicle can be controlled in two ways [17]: 
 
• Steer angle: The steering input can be controlled by definition of a time versus 
steer angle table. If this option is used, a positive value equal to the number of 
lines in the time/steer angle table is entered in the 377th line. The 378th line is 
skipped and the first line of entry starts on the 379th line of the input code. The 
required steer angle is entered alongside the time value, line by line.  
• Driver model: This method makes use of specifying the prescribed path which 
the vehicle is to follow. This option is activated by entering a negative number 
on the 377th line of the input code, with the numerical value equal to the number 
of lines in the table defining the desired trajectory. The path is defined by 
entering two values (a longitudinal co-ordinate and corresponding lateral co-
ordinate, consecutively) per line from the 379th line of code. The units for the 
values are to be entered in feet. The table should begin with 0, 0 and extend for a 
longitudinal distance equal to or greater than the distance the vehicle will travel 
during the simulation, plus the distance equivalent to the driver preview interval 
(which is defined in line 378 of the input code).  
 
In Yaw/Roll, the preview distance as well as the driver transport lag can be defined for 
the vehicle controllers. Again, this is done by entering the numerical values in the 
correct position within in the Yaw/Roll input file.  
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5 MATHEMATICAL SOLVER COMPARISON 
 
The following sections describe the various mathematical solvers that are available in 
ADAMS/View, TruckSim and Yaw/Roll.  
 
5.1 ADAMS/View  
 
ADAMS makes use of differential algebraic equations for the model formulation. This 
means that ADAMS/View deals with a large number of variables compared to solvers 
for ordinary differential equations (ODEs). This also means that ADAMS/View takes 
longer to complete a simulation than a software package that deals with ODEs. A 
benefit of ADAMS/View using differential algebraic equations is that every force, 
displacement, velocity, and acceleration can be simulated in the model. The step size of 
the solver can be adjusted for the accuracy and time required for the simulation. 
ADAMS/View has a number of options for integrators that can be used in the solver and 
each have their individual advantages. There are options for forward explicit integrators 
and also backward implicit integrators [22]. Generally, explicit integrators tend to be 
less stable than the implicit integrators.  
 
The integrators available in ADAMS/View are stiff integrators. A system is classified as 
stiff when 200>
eigenvaluedunderdampehighest
eigenvalueoverdampedhighest
. 
 
Each integrator has various indices, which can be selected. The integrator index defines 
the amount of times the equations are to be differentiated to get a system of ordinary 
differential equations. The higher the index, the more challenging it is for the solver to 
converge. For some solvers there is an option that reduces the original index-3 (I3) 
problem to an analytical equivalent index-2 (I2) problem. Index-2 is a slower option, but 
is more robust and accurate.  
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Although the different integrators are described in the MSC ADAMS help files, Figure 
18 classifies the various integrators that are available in ADAMS/View according to 
solver speed, robustness and accuracy, which will not be seen in the help files. The 
classification has been given by an MSC ADAMS software representative at an 
ADAMS/Solver advanced modelling seminar [22]. The GSTIFF and WSTIFF 
integrators are quite similar.  
 
 
Figure 18: Integrator classification in ADAMS/View [22] 
 
A GSTIFF, SI2 numerical integrator was selected, with a time step of 1e-03 seconds for 
the simulation of the B-double truck in this study. 
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5.2 TruckSim  
 
TruckSim makes use of ordinary differential equations for the model formulation, which 
means that the solver has to deal with less variables at each iteration of the simulation. 
The benefit of this is that it would take less time to run a simulation in TruckSim than in 
a package which uses differential algebraic equations for the model formulation. The 
drawback of this is that the evaluator does not have access to as many variables (in the 
results) as one would have in a package which solves differential algebraic equations.  
 
5.3 Yaw/Roll  
 
Yaw/Roll being the predecessor of TruckSim, also solves differential equations of 
motion and uses a predictor corrective integration method for solving the equations of 
motion [17]. There are no options to select different solver/integrator methods within 
Yaw/Roll.  
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6 SOFTWARE COST COMPARISON 
 
Table 4 is a comparison of the costs of the three different software, used in this research. 
The costs are from quotations provided by credible software distribution companies. 
Yaw/Roll is freely available. The costs for TruckSim 8.0 and ADAMS/View 2011 and 
software support, for one year, are shown in Table 4. TruckSim is vehicle modelling 
specific, less flexible, requires less user effort, but has a higher cost. On the other hand, 
ADAMS/View, is used for general mechanical systems dynamic analysis, more flexible, 
requires more user effort for vehicle modelling, but has a slightly lower cost. Although 
Yaw/Roll is freely available, it requires a larger amount of user effort and is not as 
flexible. There are a number of simplifications that were made when designing the 
software [17].  
 
Table 4 Software Package Purchase Costs 
Yaw/Roll ADAMS/View TruckSim 8.0 
$0 $31,673 $32,625 
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7 SOFTWARE OUTPUT COMPARISON 
 
In this section, the software packages’ outputs are compared to evaluate the agreement 
of the results from the four manoeuvres that have been simulated. As noted in Section 3, 
these four manoeuvres were selected (as discussed by Prem et al. [11]) because they 
were designed to test for specific performance attributes of a vehicle and thus reveal the 
different aspects of the vehicle models and controllers.  I.e. to evaluate the software 
packages, it was not necessary to simulate every PBS manoeuvre.  
 
7.1 SAE Lane Change 
 
Figure 19 and Figure 20 show the respective yaw rate and lateral acceleration of the 
vehicle units during the SAE lane change. The results show good agreement between 
the three software packages. 
 
 
Figure 19: SAE lane change: yaw-rate 
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Figure 20: SAE lane change: lateral acceleration 
 
7.2 90˚ Low Speed Turn 
 
Figure 21 shows the paths of the steer, drive, and trailer axles during the 90° low speed 
turn. The centre points of the axles are plotted and the trailer axles are for the rearmost 
axle. There is excellent agreement between the software packages. 
 
Figure 21: 90˚ low speed turn 
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7.3 Pulse Steer 
 
Figures 21 to 24 show the respective articulation angles between the units of the vehicle, 
yaw rates, lateral accelerations, and lateral tyre slip of the vehicle. There is good 
agreement between the software packages as shown by how similar the output curves 
are. 
 
 
Figure 22: Pulse steer: articulation angle 
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Figure 23: Pulse steer: yaw-rate 
 
 
Figure 24: Pulse steer: lateral acceleration 
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Figure 25: Pulse steer: lateral tyre slip angle 
 
7.4 Step Steer 
 
Figure 26 shows the yaw rates of the vehicle units during the step steer input. There is 
excellent agreement between the software packages. 
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Figure 26: Step steer: yaw-rate 
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8 DISCUSSION 
 
8.1 Ease-of-use 
 
The ease-of-use of the software focused on the time and effort to build a model, the 
solver time, animation, system of units and the flexibility of the package.  
 
Of the three software packages evaluated, ADAMS/View required the most user effort 
to build a vehicle model able to evaluate PBS compliance. The geometry of the truck 
defining the relationships between the moving bodies of the truck system needed to be 
developed. The gains and structure for a longitudinal speed controller and driver model 
needed to be designed by defining the mathematical relationships of the drive torque 
and steering in terms of the vehicle states. ADAMS/View provides a number of tyre 
models, which require tyre parameter or coefficients to be entered. The package was not 
able to directly read in the tyre side force and tyre aligning moment tables presented by 
Prem et al. [11]. A regression analysis was performed on these tables to determine the 
coefficients of the magic tyre formula which were entered into ADAMS. The Pacejka 
89’ model [19] was used. 
 
The ADAMS software developers, MSC Software, have developed a module, 
ADAMS/Car, specifically for vehicle dynamics studies. The module includes speed 
controllers, driver models, event builders, road builders, and preconfigured vehicle 
configurations including a truck and trailer assembly. The module addresses the 
significant effort required to build a vehicle model using ADAMS/View. However, the 
ADAMS/Car software package costs more than the ADAMS/View software package. 
The ADAMS/View package (i.e. ADAMS/View and the required ADAMS/Solver) is 
approximately half the cost of the ADAMS/Car package (i.e. ADAMS/Solver, 
ADAMS/View, ADAMS/Tire and ADAMS/Car). ADAMS/View is required for 
ADAMS/Car.  
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 Yaw/Roll required an intermediate user effort. The need to convert parameters from 
metric to Imperial units to analyse the vehicle and converting the results back into 
metric units was time-consuming. Furthermore, the text input files, DOS operating 
system, and rigid rules governing number formatting were difficult to work with. The 
text file input must conform exactly to the input format requirements i.e. even an extra 
trailing zero added to an input parameter or a spurious space will cause an error. 
Substantial care was required to correctly enter the vehicle data into the text file. 
Yaw/Roll was the most limited of the software packages evaluated: the modelled 
vehicle was limited to a maximum of four vehicle units and eleven axles and the road 
surface was constrained to be flat. The latter restriction precludes the use of Yaw/Roll to 
calculate the tracking ability on a straight path PBS measure, which requires the vehicle 
to traverse an uneven surface. 
 
TruckSim required the least user effort to build a vehicle model compared to ADAMS 
and Yaw/Roll. The vehicle details were captured in easy to use data screens. The 
modelled vehicle was limited to thirteen vehicle and axle configurations (See Section 
4.2.2); although add-on modules expanding the vehicle configurations could be 
purchased. 
 
Using a standard PC of average computational power (with 3.24 GB of RAM at 1.17 
GHz and a 280 GHz processor), the ADAMS/View model solved in approximately two 
to five minutes, the TruckSim model in half a minute and the Yaw/Roll model in 
approximately two seconds. 
 
Both ADAMS and TruckSim offer sophisticated post-processor animation capabilities 
which allow the vehicle motion to be viewed as a video. Yaw/Roll cannot animate the 
vehicle motion. The animations were found to be extremely useful in debugging models 
as well as convincing the South African road authorities and truck operators of the 
benefits of PBS and the fidelity of the simulation results. 
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8.2 Flexibility 
 
ADAMS offers a choice of systems of units (including metric and Imperial). TruckSim 
uses metric units. The vehicle model in Yaw/Roll must be entered in British- American 
units. This was found to be particularly frustrating as the vehicle input parameters 
needed to be converted. 
 
Of the software packages evaluated, ADAMS/View offered the most flexibility. There 
are no limitations in ADAMS on the number of vehicle units or axles that can be 
modelled. Yaw/Roll is limited to modelling a maximum of four vehicle units (including 
dollies) and eleven axles. The Yaw/Roll user-manual, [17], lists a number of 
assumptions made by Yaw/Roll. The most important of these is that the road surface 
must be flat and horizontal, damping in the tyre is assumed to be small with no tyre 
relaxation length being modelled, the suspension damping is considered to be linear and 
no load sharing occurs between axles. A further drawback is that Yaw/Roll must be run 
using the DOS operating system or else a DOS emulator must be used. The TruckSim 
solvers are optimised for each vehicle and axle configuration. The standard package 
offers the thirteen configurations shown in Table 3. If a vehicle and axle configuration 
not listed in Table 3 is required then this configuration must be purchased as an add-on. 
 
The Yaw/Roll restrictions on vehicle configurations and the need to buy expanded 
vehicle configurations as add-on modules in TruckSim are factors to consider when 
evaluating the software’s cost effectiveness for PBS analyses. PBS encourages 
innovation to improve vehicle safety and productivity and the innovative vehicle 
solutions may not conform to standard configurations. 
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8.3 Mathematical Solver Comparison 
 
ADAMS/View solves differential algebraic equations when simulating a multi-body 
dynamic system. This means that ADAMS/View deals with more variables than an 
ordinary differential equation solver. This allows the user to have access to every force, 
displacement, velocity, and acceleration for each component in the model.  
 
TruckSim solves ordinary differential equations when simulating a manoeuvre. It deals 
with less variables than a differential algebraic equation solver. This means that it takes 
less time to solve the equations of motion. However, the drawback is that the user 
cannot view every force, displacement, velocity, or acceleration.  
 
Yaw/Roll also solves differential equations of motion and uses a predictor corrective 
integration method for solving the equations of motion. The user cannot view every 
force, displacement, velocity, or acceleration for each component of the model.   
 
8.4 Software Output Comparison 
 
There is good agreement between the software packages as seen from the results of the 
yaw rate, lateral accelerations, tyre slip angles, and articulation angles of the vehicle 
units for the SAE lane change, pulse steer input and step steer input; and the positions of 
the steer axle, drive axle, trailer 1 and trailer 2 for the 90° low speed turn. For the SAE 
lane change, the high frequency variation of the Yaw/Roll results (See Figure 20) is due 
to the irregular and rough steering of the Yaw/Roll driver model.  
 
It is important to note that the accuracy of a computational model is highly dependent 
on the quality of the vehicle input data used when defining the vehicle parameters. It is 
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thus recommended that the PBS evaluator take great care that the vehicle input dataset 
is complete and is accurate before conducting a computational model. 
 
8.5 Cost 
 
The purchase cost of either ADAMS or TruckSim is just over $30,000. This includes 
software support for one year. Yaw/Roll is freely available. This is the main advantage 
of the Yaw/Roll software. The beginner PBS analyst, evaluating the best choice of 
software package must decide if the increased flexibility and ease-of-use justifies the 
cost of commercial software. 
 
8.6 General 
 
It is left to the vehicle dynamics analyst to decide whether increased flexibility and 
ease-of-use are justifiable. Again, it should be noted that the accuracy of any 
computational model is highly dependent on the accuracy of the input data of the 
vehicle. It is, therefore, important to ensure that the input data of the vehicle are 
accurately known. 
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9 CONCLUSIONS 
 
• Three software packages (ADAMS, Yaw/Roll and TruckSim) were successfully 
evaluated for the suitability to evaluate PBS compliance of vehicles. The 
evaluation was in part subjective but it is hoped the study provided useful 
insight. In summary, the evaluation results are that: 
- ADAMS is the most flexible 
- Yaw/Roll is the cheapest 
- TruckSim is the easiest to use 
 
• There is good agreement between each of the software packages. 
 
• ADAMS and TruckSim are capable of evaluating all the PBS measures required 
for an assessment. Yaw/Roll is able to evaluate almost all PBS performance 
measures; the Yaw/Roll limitation that the road must be flat would preclude its 
use to evaluate tracking ability on a straight path. 
 
• In developing vehicle models in ADAMS, Yaw/Roll and TruckSim, the 
expertise to evaluate PBS compliance in South Africa has been extended. The 
results of this study will assist the beginner PBS analyst in evaluating the best 
software package for analysis. 
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APPENDIX A: Tyres  
 
A.1. Tyre characteristics 
 
Table A.1 and Table A.2 tabulate the tyre side force and self-aligning moment 
characteristics that were used on the B-double vehicle by the NTC.  
 
Table A.1: Tyre side force characteristics [11] 
Slip Angle  
(deg) 
Vertical Force (N) 
8,821 26,544 41,998 
Lateral Force(N) 
1.00 1,587.8 3,716.2 4,199.3 
2.00 2,822.8 7,166.9 7,979.6 
4.00 4,763.5 12,475.6 15,119.2 
8.00 6,792.4 17,519.0 23,098.8 
12.00 8,027.4 19,377.1 25,618.7 
 
Table A.2: Tyre Aligning torque characteristics [11] 
Slip Angle 
(deg) 
Vertical Force (N) 
8,899 17,710 26,564 35,375 42,005 
Aligning Torque (Nm) 
1.00 38.0 115.3 199.4 280.7 339.1 
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2.00 59.7 193.9 356.7 520.8 634.7 
4.00 74.6 255.0 491.0 759.5 972.4 
8.00 50.2 195.3 366.2 599.5 802.9 
12.00 28.5 123.4 246.8 404.2 522.2 
 
A.2 ADAMS/View Tyre property file 
 
The text below is the tyre property file that was modified to be an input into 
ADAMS/View 2011 for the B-double vehicle. The coefficients determined by the curve 
fit (from a regression analysis using the Pacejka ’89 tyre model) are shown within this 
file: 
 
$---------------------------------------------------------------------MDI_HEADER 
[MDI_HEADER] 
 FILE_TYPE     =  'tir' 
 FILE_VERSION  =  2.0 
 FILE_FORMAT   =  'ASCII' 
(COMMENTS) 
{comment_string} 
'Tire      - XXXXXX' 
'Pressure  - XXXXXX' 
'Test Date - XXXXXX' 
'Test tire' 
'New File Format v2.1' 
$--------------------------------------------------------------------------UNITS 
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[UNITS] 
 LENGTH              = 'mm' 
 FORCE               = 'newton' 
 ANGLE               = 'radians' 
 MASS                = 'kg' 
 TIME                = 'sec' 
$--------------------------------------------------------------------------MODEL 
[MODEL] 
! use mode    1   2   3   4    11   12   13   14 
! ------------------------------------------------------------------------ 
! smoothing           X   X              X    X 
! combined        X       X         X         X 
! transient                    X    X    X    X 
! 
 PROPERTY_FILE_FORMAT    = 'PAC89' 
 USE_MODE                = 14.0 
 TYRESIDE                = 'LEFT' 
$----------------------------------------------------------------------DIMENSION 
[DIMENSION] 
 UNLOADED_RADIUS         = 525 
 WIDTH                   = 300.0 
 ASPECT_RATIO            = 0.75 
$----------------------------------------------------------------------PARAMETER 
[PARAMETER] 
 VERTICAL_STIFFNESS      = 788.112 
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 VERTICAL_DAMPING        = 0.0 
 LATERAL_STIFFNESS       = 190 
 ROLLING_RESISTANCE  = 0.0 
$--------------------------------------------------------------------------shape 
[SHAPE] 
{radial width} 
 1.0    0.0 
 1.0    0.2 
 1.0    0.4 
 1.0    0.5 
 1.0    0.6 
 1.0    0.7 
 1.0    0.8 
 1.0    0.85 
 1.0    0.9 
 0.9    1.0 
$-----------------------------------------------------------LATERAL_COEFFICIENTS 
[LATERAL_COEFFICIENTS] 
 a0  =  1.3   
 a1  = -10.158 
 a2  =  999.633 
 a3  =  4419.32 
 a4  =  64.25803 
 a5  =  0 
 a6  =  0.0385 
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 a7  =  -3.29155 
 a8  =  0 
 a9  =  -0.01176 
 a10 =  0.38915 
 a11 =  0 
 a12 =  -4.90888 
 a13 =  395.8012 
$-------------------------------------------------------------------longitudinal 
[LONGITUDINAL_COEFFICIENTS] 
 b0  =  1.65 
 b1  =  2 
 b2  =  354 
 b3  =  7 
 b4  =  13.5 
 b5  =  0.00954 
 b6  =  -0.0173 
 b7  = -0.06391 
 b8  =  0.199864 
 b9  =  0.0299 
 b10 = -0.17600 
$----------------------------------------------------------------------aligning 
[ALIGNING_COEFFICIENTS] 
 c0  =  1.7 
 c1  =  0.338806 
 c2  =  9.483614 
  
65 
 
 c3  =  -0.04675 
 c4  =  2.941738 
 c5  =  -0.04698 
 c6  =  0 
 c7  =  0.001705 
 c8  =  -0.14752 
 c9  =  -2.645129483 
 c10 =  0 
 c11 =  0 
 c12 =  -0.17024 
 c13 =  46.6223 
 c14 =  0 
 c15 =  0 
 c16 = -0.0112 
 c17 =  0.56516 
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APPENDIX B: B-double (Input Dataset) [11]  
 
B.1  Layout Drawing 
 
Fig. B1 Layout drawing for the reference B-double. 
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B.2  Dimensions 
B.2.1 Sprung Masses 
Table B2.1 – Key Dimensions for Sprung Masses (B-double) 
Dimension 
Prime 
Mover Trailer 1 Trailer 2 Vehicle 
Front overhang (m) 1.10 1.43 1.32  
Wheelbase and S-dimension (m) 3.90 7.90 9.50  
Kingpin lead (m) 0.20 -0.10   
Rear overhang (m) 1.37 1.875 2.70  
Overall length (m) 6.37 11.205 13.52 25.00 
Cabin and load length (m) 2.45 7.45 13.52  
Space between units (m) 0.92 0.66   
Kingpin to rear (m)    20.20 
Width (m) 2.50 2.50 2.50  
Height (m) 3.30 4.30 4.30  
Deck height (m)  1.30 1.30  
Load volume (m³)  55.875 101.4 157.275 
Number of pallets (1170 mm x 
1170 mm)  12 22 34 
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B.2.2 Unsprung Masses (Axles) 
Table B2.2 – Key Dimensions for the Unsprung Masses (B-double) 
Dimension Steer Drive Trailer 1 Trailer 2 
Axle spacing (m)  1.372 1.250 1.250 
Spring and damper half-track 
(m) 0.425 0.425 0.500 0.500 
 
 
B.2.3 Wheels 
Table B2.3 – Key Dimensions for the Wheels (B-double) 
Dimension Steer Drive Trailer 1 Trailer 2 
Tyre width (m) 0.300 0.300 0.300 0.300 
Dual-tyre spacing (m)  0.350 0.350 0.350 
Tyre half-track (m) 1.100 0.925 0.925 0.925 
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B.3  Mass Properties 
B.3.1 Sprung Masses 
Table B3.1 – Mass Properties of the Sprung Masses (B-double) 
Mass Parameter Prime Mover Trailer 1 Trailer 2 
Number of Masses 1 1 1 
Mass (kg) 6,400 20,100 34,100 
Mass moment of inertia, Ixx, (kgm²) 7,883 31,540 53,509 
Mass moment of inertia, Iyy, (kgm²) 39,713 332,371 647,646 
Mass moment of inertia, Izz, (kgm²) 38,497 321,768 629,658 
Inertia products (kgm²) 0 0 0 
CG height above ground (m) 1.250 2.000 2.000 
CG position aft of steeraxle/king-pin 
(m) 1.049 2.327 5.600 
 
 
B.3.2 Unsprung Masses 
B.3.2.1 Axles 
Table B3.2.1 – Masses Properties of the Axles (B-double) 
Mass Parameter Steer Drive Trailer 1 Trailer 2 
Number of axles 1 2 3 3 
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Mass per axle (kg) 404.0 608.0 408.0 408.0 
Mass moment of inertia, Ixx, per axle 
(kgm²) 145.3 238.8 87.8 87.8 
Mass moment of inertia, Iyy, per axle 
(kgm²) 20.4 33.9 2.1 2.1 
Mass moment of inertia, Izz, per axle 
(kgm²) 163.7 238.8 87.8 87.8 
Inertia products (kgm²) 0.0 0.0 0.0 0.0 
CG height above ground (m) 0.500 0.511 0.514 0.514 
 
B.3.2.2 Wheels 
Table B3.2.2 – Mass Properties of the Wheels (B-double) 
Mass Parameter Steer Drive Trailer 1 Trailer 2 
Number of wheels per axle group 2 8 12 12 
Mass per wheel (kg) 98.0 98.0 98.0 98.0 
Mass moment of inertia, Ixx, per wheel 
(kgm²) 6.9 6.9 6.9 6.9 
Mass moment of inertia, Iyy, per wheel 
(kgm²) 12.3 12.3 12.3 12.3 
Mass moment of inertia, Izz, per wheel 
(kgm²) 6.9 6.9 6.9 6.9 
Inertia products (kgm²) 0.0 0.0 0.0 0.0 
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B.3.1 Axle Group Loads 
Table B3.1 – Axle Group Loads (B-double) 
Design Parameter Steer Drive Trailer 1 Trailer 2 GCM 
Axle group load (kg) 6,000 17,000 22,500 22,500 68,000 
 
B.4 Turntables (Fifth Wheel) 
Table B4 – Mechanical Properties of the Turntables (B-double) 
Design Parameter Prime Mover Trailer 1 
Roll stiffness (Nm/deg) 56,500 56,500 
Pitch stiffness (Nm/deg) 0.0 0.0 
Yaw stiffness (Nm/deg) 0.0 0.0 
Longitudinal compliance 
(m/N) 0.0 0.0 
Lateral compliance (m/N) 0.0 0.0 
Vertical compliance (m/N) 0.0 0.0 
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B.5 Suspensions 
B.5.1 Springs 
B.5.1.1 Geometry 
Table B5.1.1 – Suspension Spring Geometry (B-double) 
Design Parameter Steer Drive Trailer 1 Trailer 2 
Alignment of 
springs vertical vertical vertical vertical 
Roll centre height 
(m) 0.700 0.600 0.714 0.714 
Roll-steer angle 
(deg) 5.0 5.0 5.0 5.0 
 
B.5.1.2 Spring Properties 
Table B5.1.2 – Spring Properties (B-double) 
Design Parameter Steer Drive Trailer 1 Trailer 2 
Load-deflection characteristics (see Spring 
Tables below) Steer Drive Trailer 1 Trailer 2 
Coulomb friction (Hysteresis) 0.0 0.0 0.0 0.0 
Auxiliary roll stiffness per axle (Nm/deg) 432 1,695 9,380 9,380 
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B.5.1.3 Spring Tables 
The following tables give the force/deflection characteristics of springs used in the 
suspensions.  These were derived from data presented in the comprehensive truck size and 
weight study managed by the Roads and Transportation Association of Canada (RTAC) 
and reported in Ervin and Guy (1986).  The values in the tables shown below are simply 
the average of the compression and extension envelopes from the spring tables given in 
Ervin and Guy (1986).  The name of the spring file from the RTAC study from which the 
force/deflection curves were derived are given in the headings for each axle.  For example, 
the RTAC data from spring file ST6T:Sp.IHRef.Frt was used to create the force/deflection 
curve for the steer axle, as shown below.   
a) Steer – ST6T:Sp.IHRef.Frt 
Table B5.1.3(a) – Steer-Axle Spring Force/Deflection Curve (B-double) 
Force  
(N) 
Deflection  
(mm) 
-91,440 -381.0 
-5,206 -19.1 
-667 0.0 
5,562 25.4 
11,347 50.8 
17,020 76.2 
32,215 139.7 
49,513 215.9 
89,333 393.7 
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b) Drive – ST6T:Sp.ARD244.16 
 
Table B5.1.3(b) – Drive-Axle Spring Force/Deflection Curve (B-double) 
Force  
(N) 
Deflection  
(mm) 
-172,535 -76.2 
22,693 -31.8 
26,753 -12.7 
29,924 0.0 
33,539 12.7 
37,989 25.4 
153,012 76.2 
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c) Trailers 1 and 2 - ST6T:Sp.AR9517.16 
Table B5.1.3(c) – Spring Force/Deflection Curve for Axles on Trailers 1 and 2 (B-
double) 
Force  
(N) 
Deflection  
(mm) 
-92,330 -63.5 
22,693 -34.9 
28,478 -12.7 
31,147 0.0 
34,429 12.7 
41,993 38.1 
125,78
5 76.2 
 
B.5.2 Dampers 
Table B5.2 – Dampers (B-double) 
Design Parameter Steer Drive Trailer 1 Trailer 2 
Alignment of damper vertical vertical vertical vertical 
Bump and rebound damping 
coefficient (Ns/m) 3,502 13,658 13,658 13,658 
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B.6 Tyres 
The same tyres are used on the steer, drive and trailer axles.   
Tyre side force and aligning torque characteristics due to slip angle at zero longitudinal slip 
are based on data presented in Ervin and Guy (1986) and El-Gindy and Kenis (1998), 
respectively.  Tyre relaxation length and vertical damping have been modified for this 
study; both have been set to zero.   
 
B.6.1 General 
Table B6.1 – General Tyre Characteristics (B-double) 
Design Parameter Steer Drive Trailer 1 Trailer 2 
Number of tyres per axle 2 4 4 4 
Rolling resistance (%) 0.0 0.0 0.0 0.0 
Tyre relaxation length (m) 0.0 0.0 0.0 0.0 
Peak friction value (-) 0.8 0.8 0.8 0.8 
Locked wheel friction value 
(-) 0.7 0.7 0.7 0.7 
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B.6.2 Ride Characteristics 
Table B6.2 – Tyre Ride Characteristics (B-double) 
Design Parameter All locations 
Vertical stiffness (N/m) 788,112 
Vertical damping 
(Ns/m) 0.0 
Loaded radius (m) 0.500 
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APPENDIX C: Yaw Roll Model 
C.1 Input .DAT File for B-double SAE Lane Change Simulation 
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C.2 Output .OUT File for B-double SAE Lane Change Simulation 
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